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Abstract
Utilizing the rabbit »s nictitating membrane response
preparation, it was demonstrated that Pavlov's procedure for
producing conditioned inhibition resulted in a stimulus which
controlled a response strength below zero. Due to the use of
appropriate control groups, it was concluded that the inhibition
produced was not due to non-associative processes. The results
were interpreted as lending empirical support for Hull's, and
Rescorla and Wagner's theoretical assumptions.
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1Although there has been a great increase in interest in
Pavlovian conditioned inhibition in recent years, there remain
problems associated with interpretation of this phenomenon (Hearst,
1972; Rescorla, 1969a). Conditioned inhibition (CI) is usually
defined as a response tendency opposite that of excitation, where
excitation is the increase in the strength of some response due to
pairings of a conditioned stimulus (CS) and an unconditioned
stimulus (US).
This definition of excitation, combined with the fact that
excitation is usually conceptualized as being represented behaviorally
by the occurrence of a conditioned response (CR), implies that condi-
tioned inhibition is a tendency to not respond. One major problem in
the measurement of conditioned inhibition is immediately apparent:
if an organism does not give a CR, should this failure to respond be
considered evidence for inhibition? Obviously not, for such a failure
to respond may be more parsimoniously conceptualized as due to a lack
of excitation rather than an active inhibitory process (Skinner, 1938).
To demonstrate conditioned inhibition, then, one must show that the
response rate of the organism is, in some sense, below zero. That is,
given the above definitions of excitation and inhibition as opposite
ends of a response strength continuum, the existence of some zero or
neutral point is implied.
Furthermore, the assumption that both active excitatory and
inhibitory processes exist, separated by a point of zero response
2strength, is crucial for a number of effects predicted by various
learning theories. For example, Hullian theories of discrimination
learning (Hull, 1943, 1952) account for the shape of the post discrim-
ination generalization gradient (e.g., peak shift) by assuming an
interaction between excitatory and inhibitory processes. Similarly,
the theory developed by Rescorla and Wagner (1972) makes a number of
interesting predictions about the response strengths of various stimuli
by assuming the response strength (V in their model) associated with
any given stimulus may take on either a positive or negative value.
Clearly, the demonstration of an active inhibitory process is of great
importance for both these theories of conditioning.
Three separate issues must be dealt with, then, in any attempt
to demonstrate an active inhibitory process: First, a zero point must
be established. Second, it must be shown that response strength lies,
in some sense, below this point. Finally, it is necessary to demon-
strate that this response strength below zero is attributable to some
associative process.
One attempt to demonstrate that CI involves an active inhibitory
process is the retardation method (Rescorla, 1969a). In this testing
method the acquisition rate of a suspected inhibitor is compared with
that of appropriate controls, with the expected result of a slower
acquisition rate on the part of the CI group. It is possible, however,
that CI training might result in an attention shift away from the
suspected inhibitor. Such a shift might be expected to produce re-
sults in a retardation test similar to those produced by CI. To
3control for such possible attention shifts, Rescorla ( 1969a) recom-
mended the additional use of a summation test, in which the suspected
inhibitor is paired with a known excitatory stimulus. If the stimulus
is, in fact, inhibitory, a reduction in responding to the compound,
but not the excitatory stimulus, should occur. If the stimulus is
not being attended to, however, no such reduction should occur. Thus,
to control for non-associative factors such as attention shift, the
use of both summation and retardation tests seems necessary.
In addition to these tests it is necessary that a study contain
controls to (a.) establish a zero point for retardation testing and (b)
utilize controls to insure that any observed retardation is not due to
non-associative factors—aside from attention shift—such as handling,
experience with the experimental situation, etc. For example, Rescorla,
utilizing a negative contingency in the CER (1969b), produced an inhib-
itor (tone) that generated the expected results on both summation and
retardation tests. The controls used were a truly random control
(TRC-Rescorla, 1967) and a group that received negative contingency
training to a light. However, the use of a TRC as a zero point and
as a control for non-associative factors has been seriously questioned
(Seligman, 1969; Benedict & Ayres, 1972); and it is not clear that the
"light" control is sufficient to serve as a zero point and control for
all non-associative factors (Hearst, 1972).
Hammond (1967, 1968) in a pair of studies attempted to demon-
strate the CS- in differential CER conditioning is actively inhibitory.
In these studies both summation and retardation tests produced the
4expected results; the controls in the latter test included a TRC, a
CS- only group and a group of naive Ss. However, since the CI group
did not differ significantly from the naive group, the interpretation
of the results remains somewhat problematic because the naive group
would seem on an a priori basis to be an optimal zero point.
Similarly, Marchant, Mis & Moore (1972) subject rabbits in the
nictitating membrane preparation (NM) to Pavlov 1 s conditioned inhibi-
tion procedure. This paradigm consists of alternating CS-J+ with
(CSi+CS2)- and was reported by Pavlov (1927) to produce a conditioned
inhibitor—CS2 . Summation and retardation tests again produced the
appropriate results, but since CS2 had previously been conditioned in
an attempt to circumvent "latent" inhibition effects (Lubow & Moore,
1959), retardation was measured in reacquisition. The control group
was treated in a similar manner, but with the US equally probable for
CS+ and CS-. Since the control group also received prior excitatory
conditioning to all stimuli, it was not clear that a zero point had
been established.
In sum, then, previous studies have met the criterion of summa-
tion and tests, but all have certain complications in demonstrating
that the inhibitor is below zero. The purpose of Experiment I was to
attempt to establish a clear zero point utilizing the conditioned
inhibition paradigm used by Marchant, Mis & Moore (1972). Thus, an
a priori zero point group, as well as appropriate controls for experi-
mental effects (CS & US presentations, handling effects, etc.) was
compared to a CI group.
5Experiment I
Method
Subjects
.
Subjects were a experimentally naive New Zealand albino
rabbits obtained from a local supplier. Of these, the data from four
were discarded due to an apparatus failure, one died and the data from
one S in group N were not used as his trials to criterion score was
10 standard deviations above the mean for the other Group N rabbits.
The remaining 35 Ss were randomly assigned to five equal groups.
Apparatus. Basically, four rabbits were run simultaneously in
ventilated soundproofed file cabinets. The response system monitored
was a movement of the rabbit's right NM of sufficient distance (less
than 1 mm) to produce a 1 mm upward pen deflection on a Grass 5D
oscillograph. This was accomplished via a potentiometer mounted on
the S's head. The potentiometer connects via a small metal hook and
silk thread to a nylon loop sutured into the right NM. The CSs
consisted of an 86 dB, 1200 Hz. pure tone (T), two U. 5 v. incandescent
lights (L) behind translucent screens, and an 86 dB burst of white
noise (N), all of which were presented approximately one inch in
front of the rabbit's nose. The US was an AC. 2 mA. shock of 50 msec,
duration delivered through two stainless steel wound clips attached
to the infraorbital region of the right eye. In both stages the ISI
was 500 msec, and the TTI was a constant 30 sec. for all groups.
6Design and Procedure
.
The five groups may be represented as follows:
Stage
1
Group Naive
Group Sit Sit
Group L+LN L+
LN-
Group N+LT N+
LT-
Group L+LT L+
LT-
On the day prior to Stage 1 training (or, in the case of
Group N, Stage 2 training), Ss had their right NMs sutured and were
habituated to restraint and the apparatus for a period of approxi-
mately 15 minutes.
For Ss in Group L+LT- Stage 1 training consisted of 50
reinforced presentations of the L stimulus, unsystematically inter-
mingled with 50 nonreinforced presentations of the simultaneous
compound L plus T, in each daily session. This training was expected
to produce an inhibitory T stimulus and was continued until the
following criterion had been met: Between sessions 6 and 12, if (a)
percentage of CRs to CS- had first increased and then decreased over
sessions and (b) percentage of CRs to CS+ were better than 80% and
percentage of CRs to CS- were less than 30%, then Stage 2 training
began for that S in the middle of the next day's session.
2
T+
T+
T+
T+
T+
7Group Naive did not participate in the experiment until Stage 2
and served as the previously mentioned zero point group. Group Sit
served as a control for any possible effects of handling, suturing,
sitting in restraint, experience with static apparatus cues, etc.
In Stage 1, Ss in this group were yoked to Ss in Group L+LT-, and
were treated in an identical manner but without CS and US presenta-
tions. Group L+LN- was trained to the same criterion as Group L+LT-,
but the discrimination was between L+ and (L+N)- as opposed to L+ and
(L+T)- in the Group L+LT-. Group L+LN- then, served as a control for
experience with CSs, the US, conditioning and, more specifically,
inhibitory training (i.e., inhibitory training ;per se may be sufficient
to produce a deficit in acquisition of all stimuli). Group N+LT- was
also run to the same criterion as Group L+LN-, and served as a control
for many of the same things as Group L+LN-, but also for experience
with the LT- compound and generalization decrement in Stage 2. The
same nonsystematic order of CS+ and CS- in Stage 1 trials was used
for Groups L+LT-, N+LT-, and L+LN-.
Stage 2 training for all groups began with 50 reinforced trials
of T in the last half of the last session of Stage 1. This was
followed by 100 trials five (-^-) hours later and two 100-trial sessions
the following day at approximately the same times as the previous
day's sessions, for a total of 350 trials.
Results and Discussion
All Ss in Groups L+LN-, N+LT-, and L+LT- met the discrimination
criterion with the allotted 12 sessions. The number of trials it took
8all five groups to reach the acquisition criterion described in the
method section may be seen in Table 1. An analysis of variance on
the trials to criterion measure was significant (F=U.l, df=4,30,
£<.001). A Dunnetts test indicated that Groups N, L+LN-, and N+LT-
acquired significantly more rapidly than did Group L+LT- (£.<005 for
each comparison)
.
Group Sit did not differ significantly from
Group L+LT- (.05<£<.10).
An analysis of variance was also performed on the mean per-
centage of CRs for all animals over the first 150 trials in Stage 2.
1
This overall analysis was significant (F=13.71, df=4,30, £<.001), as
was a Dunnetts test for Groups L+LN- and N+LT- (£<.005) and Group N
(J2<.05) when compared with Group L+LT-. Group Sit once again did not
differ from Group L+LT- (,10<£<.20).
Finally, individual t-tests (rejection level of £<.0l) indi-
cated that Group N was significantly slower to acquire a CR to T in
Stage 2 than were either Groups L+LN- or N+LT-. Group Sit, also, was
significantly slower than either Groups L+LN- or N+LT-; but Group N
did not differ from Group Sit (£>.20), nor did Group L+LN- differ
from Group N+LT- (£>.20). In sum, then, Groups L+LN- and N+LT-
conditioned more rapidly in Stage 2 than did all other groups, but
did not differ from each other. Group N also conditioned more
rapidly than Group L+LT-, but Group Sit did notj although it did
not differ from Group N.
The results of this experiment indicated that conditioned
inhibition training to a tone produced subsequent retardation of
9acquisition to that CS relative to a naive group of subjects and to
groups that had prior experience with the CS, UCS, differential
training, etc. The results also indicated that those groups which
had prior contiguous experience with CSs and the UCS subsequently
acquired a CR to the tone more rapidly than did naive subjects.
Finally, although the naive control group (Group N) differed
significantly from the experimental group, the sit control (Group Sit)
did not. This finding seems to indicate that, although Group N may
be the a priori candidate for establishing a zero point, Group Sit
represents perhaps a more appropriate zero point. That is, it would
seem that sitting in restraint caused some retardation relative to
the performance of naive Ss, so that Group Sit seems the most
conservative group against which to measure any presumed excitatory
or inhibitory effects.
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Experiment II
The failure to find a significant difference between Groups
Sit and L+LT- in Experiment I made it unclear as to whether an active
inhibitory process was demonstrated. Since the comparison between
these two groups is of importance to both the zero point and inhibition
issues, it was decided that a replication of these groups was in order.
Accordingly Experiment II consisted of a direct replication of
Groups Sit and L+LT- in Experiment I.
Method
Subjects. Ss were 16 experimentally naive New Zealand albino rabbits
obtained from a local supplier. Two animals, an experimental animal
and his yoked control, were discarded because of failure of the
experimental animal to discriminate in Stage 1.
Apparatus and Procedure . The apparatus was the same as that used in
Experiment I. The procedure and all parameters of the experiment were
identical to those used for Groups Sit and L+LT- in Experiment I.
Results and Discussion
The mean trials to criterion for Group Sit was 65.8 as opposed
to L40.6 for Group L+LT-. This difference was significant (Mann-
Whitney U Test, U=3, JK.005). Furthermore, mean percentage of CRs in
Stage 2 for Group Sit was 82.2, whereas for Group L+LT- it was 65.7.
This difference was also significant (TJ=9, £<.03). These results
suggest that the observed difference between Groups Sit and L+LT- in
Experiment I was a real effect. This notion is further supported by
the fact that when the groups are combined across experiments they
11
differed significantly on both the trials to criterion (U=39, p<.02)
and mean percentage of CRs for the first 150 trials (U=49, p<.05)
measures. Therefore, since Group L+LT- acquired a CR to tone
significantly more slowly in Stage 2 than did each of the control
groups, it is concluded that an active inhibitory process was
demonstrated
•
General Discussion
The major findings of this study may be summarized as follows:
First, it was demonstrated that Pavlov's conditioned inhibition
procedure produced a stimulus with a response strength below zero, and
this inhibitory effect did not seem to be due to non-associative
factors. Furthermore, in light of the differences between Groups Sit
and N in Experiment I, as well as the failure of Groups L+LN- and
N+LT- to show any evidence of CI, Hearst's suggestion (1972) that more
than one control group is called for in retardation testing generally
seems a sound one because it seems hard to argue for any one group as
the zero point. Nevertheless, the results of Experiment I imply that
a Sit group seems, for at least the rabbit NM preparation, a useful
zero point control. The results of this study, then, especially when
combined with those previously cited lend strong empirical support
for both Hull's (194-3, 1952) and Rescorla and Wagner's (1972)
theoretical assumption that there exists an active inhibitory process
in addition to an excitatory one.
Secondly, differential inhibition was not found in Group N+LT-
in seeming contrast to the work of Hammond (1967, 1968). Differences
12
in preparations and procedures, however, make the reasons for this
discrepancy unclear. For example, Hammond used the CER preparation
with rats (as opposed to the NMR preparation using rabbits), as well
as using simple stimuli in differentiation instead of a simple stimulus
and a compound. Also, since LT- was explicitly unpaired with shock,
this compound met what were once considered to be the necessary and
sufficient conditions for producing an inhibitor according to contin-
gency theory (Rescorla, 1967), though it failed to become inhibitory. 3
However, the recently developed Rescorla-Wagner model (1972) predicts
that the tone should not develop inhibition given little or no
excitatory strength to the light. The failure to find inhibition in
Group N+LT-, then, lends support to the idea that inhibition will
develop only against a background of excitation.
Finally, Group L+LN- acquired a CR to tone more rapidly than
any group other than N+LT-. Since both N and T are in the same
modality and N should have become an inhibitor, it seems reasonable
that inhibition might be expected to transfer from Stage 1 (N) to
Stage 2 (T). That such transfer did not occur may have been due
either to non-specific excitatory transfer overcoming any inhibitory
transfer present, or to overshadowing (Kamin, 1969). That is, it is
possible that N overshadowed L and, if so, this group would be, in
effect, a simple differential conditioning group. In this case,
unless there were sufficient generalization from CS+ to CS-, no active
inhibition would be produced due to the absence of an excitatory
13
baseline. The results of this study, then, when combined with those
previously cited, strongly imply the existence of an active conditioned
inhibitory process in addition to an excitatory one.
14
Table 1
Summary of Experimental Results
(N = 7 per group)
Experiment 1
Group Mean trials to
criterion
Mean % CR for first
150 trials in Stage 2
L+LT- 128.1 34.5
Sit 97.4 39.5
N 68.6 56.2
L+LN- 21.3 81.8
N+LT- 19.1 82.5
15
FOOTNOTES
1
"Data from only the first 150 trials in Stage 2 were used in
Experiment I because the data from three animals in Group Sit were
not available over the last 200 trials due to an apparatus failure.
2
The last session for each animal was only 50 trials.
3
Another possible interpretation of these data might be that
the tone was overshadowed by the light. However, other data from
our laboratory indicate that a 75 db tone is significantly (g_ .05)
more salient than the light stimulus. Thus, it seems highly unlikely
that an 86 db tone could be overshadowed by the light.
4
The criterion used was 80% CRs on three consecutive blocks
of ten trials.
16
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Appendix B
Table 1
CRs over days - Experiment 1, Stage 1, Group fc+LN- 2
4±
it Day
1
Day
2
Day
3
Day
4
Day Day
a.\j
Day
7
Day
Qo
Day
9
Day
10
0 78 92 100 94 90 100 98 94 96
cs- 2 4 0 36 48 J D T Qlo o ooo
(_b + 0 72 94 90 94 88 98 98 96 —
cs- 0 72 68 68 76 44
15 CS + 0 34 96 90 96 92 100
cs- 4 8 20 28 20 18 16
16 CS + 0 2 62 96 88 90 100
cs- 0 4 18 38 36 12 16
39 CS + 0 38 98 98 98 98 100
cs- 0 4 16 18 28 10 12
40 CS + 0 42 96 100 100 100 100 98 100
cs- 0 0 32 50 70 34 58 10 20
41 CS + 2 12 88 98 98 100 100 98 100
cs- 0 8 50 76 44 58 30-' 22 92
Table 2
CRs over days - Experiment 1, Stage 1, Group N+LT
Rabbit # U ay
1
y
2 3
uay
4
way
5
Day
6
Day
7
28 CS + 2 90 1 DO
os- 0 0 0 2 2 4 0
29 cs* 38 100•X. w v»/ 98 98 98 100 1 00X \J \J
cs- 0 0 28 6 6 10 4
30 CS + 16 96 100-i- V v/ 100XV U 100-J- \J w 100 100J.U v
cs- 0 4 22 12 0 2 12
31 CS + 56 100 96 98 94 96 96
cs- 12 34 6 20 4 2 20
32 CS + 28 96 96 94 98 98 96
cs- 8 4 0 0 4 8 20
33 CS + 0 100 72 96 100 100 100
cs- 4 0 6 22 48 18 12
34 CS + 0 98 100 100 94 98 100
cs- 2 36 14 20 10 0 0
Table 3
% CRs over days - Experiment 1, Stage 1, Group L+LT- 2
1 CS + 0 10 92 90 100 98 96 — - — —
(J 0 12 36 60 22 40 — — —
3 CS + 0 16 88 98 90 94 86 - - - -
f c u 2 6 62 16 2 0 — — — —
4 CS + 0 0 0 12 84 92 96 96 98 88 98
cs- 0 0 4 8 20 56 52 82 62 26 8
24 CS + 4 0 36 70 100 94 94
cs- 0 0 2 12 2 6 0
25 CS + 4 44 84 98 100 94 94
cs- 0 8 34 48 50 18 4
26 CS + 0 0 0 80 86 98 89 90 92
cs- 0 2 4 24 10 42 30 8 12
27 CS + 0 0 0 8 44 76 68 90 72
cs- 0 0 0 0 4 0 6 4 16
Table 4
Experiment 1, Individual Stage 2 Performance, All Groups(Session 1 only 50 trials)
Group
Rabbit
w
Stag
t% CRs
1
e 2 Performance
over s es s ions
)
2 3 4
mean % CR
for first
150 trials
Trials
to
Criterion
Waive b D 89 97 96 64.0 56
D 18 88 98 96 58.0 59
7 0 43 88 91 28.7 111
-L. -1_ J_
8 44 95 99 97 78.0 54
o 0 65 91 93 43 .3 78
i n1U 97 98 97 •"7 1 "171 .3 39
1
1
74 96 95 50 ,0 83
^1 92 _ 70 .
7
35
4 92 — _ 62 . 7 52
23 0 63 — — 42.0 89
35 0 73 100 99 48.7 73
36 4 1 97 93 2.0 150
37 0 66 97 99 50.7 85
38 0 0 60 83 0 .0 198
T TL+LN- 13 76 93 95 95 80 .0 11
14 56 80 91 85 72.0 41
15 60 95 90 100 83.3 47
16 66 82 95 94 76.7 17
39 62 100 88 98 87,3 38
40 78 84 97 91 82.0 3
41 90 92 94 95 91.3 2
N+LT- 28 52 85 98 96 7 a n 9 9
29 78 82 95 89 on 7OU • / x J.
30 82 97 99 96 92.0 13
31 64 93 89 77 83.3 28
32 68 81 89 77 76.7 25
33 78 93 99 100 88.0 20
34 66 91 97 97 82.7 15
L+LT- 1 6 50 92 98 35.3 135
3 2 33 91 95 22.7 150
4 0 31 71 93 20.7 175
24 12 76 95 97 54.7 74
25 0 58 88 90 38.7 149
26 2 67 94 90 45.3 80
27 6 33 85 95 24.0 134
Table 5
% CRs over days - Experiment II, Stage 1, Group L+I/J
Rabbit TT uciy Day Day Day Day Day Day
1 2 3 4 cD rD 7 8
42 \* O T 9 O AJ 4 90 96 98 100 —
cs- 0 8 38 9 U 4 0
43 \— O T OO D DOO 98 100 98 96 —
cs- 0 6 62 / U 9 9 4
44 O T O O 94 100 100 100 —
CS- o 0 Pw 0 9 o u D 1 9
45 CS + 0 4 66 88 82 82 96 —
cs- 0 4 2 A*-± QO
66 CS + 0 2 12 94 98 98 96 96
cs- 2 0 0 24 62 60 26 12
67 GS + 0 0 10 82 94 86 82 100
cs- 0 0 0 48 62 40 20 44
68 CS + 8 12 58 92 98 98 90
cs- 0 4 24 32 78 26 64
2
Table 6
Experiment II Individual Stage 2 Performance, Both Groups(Session 1 only 50 trials)
Grou
Sit
L+LT-
Rabbit (% CRs v CI sessions
)
# 1 4
46 o 98 99
47
"at / Ho QQ 100 86
48 18 98 100 99
49 2 99 100 100
70 2 57 98 96
71 4 93 100 100
72 0 70 95 97
42 0 57 96 98
43 2 71 94 95
44 8 58 93 94
45 6 47 86 84
66 6 71 95 96
67 0 0 65 73
68 4 28 87 93
mean % CR
for first
150 trials
72.3
88.0
87.3
86.0
72.4
83.7
74.9
71.7
74.9
72.3
63.7
76.6
39.4
60.6
Trials
to
Criterion
98
25
46
57
10 5
57
73
146
68
147
146
139
202
136
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